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customers
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GLERL’s Observing Systems and Products
Advanced Technology (OSAT) branch
conducts scientific and engineering
research and development, identifies
emerging observational infrastructure
needs, and provides environmental
observations and data throughout the
Great Lakes.
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OSAT addresses issues identified in NOAA'’s research plans and
guiding documents.

NOAA Great Lakes
NOAA Great Lakes

AR Strate :
> gy Environmental Research Laboratory Environmental Research Laboratory

NOAA Data Strategy
NENHIEXD Sis i oL DR 2020-2026

NOAA Uncrewed Systems Strategy

Maximizing Value for Science-based Mission Support

Goals and Objectives
Four gossretec wrat

Strategic Plan 2016-2020 <,
A commitment to integrated scientific research on the V STRATEGIC PLAN 2021-2025

Great Lakes and coastal ecosystems

OSAT guiding principles and goals p. 27 Goals and Strategic Objectives pp. 15-19

Delivering NOAA'’s future

See review website “Documents” tab for more.
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Converting real world observations to data.

In situ sensors and observing systems
Direct ecosystem sampling

Satellite and airborne remote sensing
Mobile platforms

Observations and data on the physical, chemical, and biological components of the Great Lakes
and coastal ecosystems supports studies and assessments, informs experiments and models,
and ultimately predictions and forecasts.

OSAT holds a pivotal role in providing the technological and observational infrastructure that
informs GLERL science. OSAT works closely with EcoDyn and IPEMF in the collection of
physical, chemical, and biological observations and data that contribute to building an ecosystem
understanding and provide the input needed for environmental modeling.
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NOAA Great Lakes Vessel Fleet |
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GLERL’s Lake Michigan Field Station (LMFS) and Vessel
Operations play a critical role in supporting integrated scientific
research on the Great Lakes ecosystem.

Provides both small boat and deep-water docking
capabilities.

Houses laboratory facilities supporting long-term
ecological observations and fundamental research on
ecosystem processes, and the development of models
critical to understanding ecosystem structure and
function.

Proximity to Lake Michigan provides the capacity to
process time-critical samples immediately after collection
and to sample during natural events (e.g., upwelling,
spring flooding) and short weather windows during
inclement periods.
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GLERL’s LMFS and Vessel Operations are coordinated to provide
safe, reliable, and innovative service to support integrated
scientific research for NOAA and external partners.
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Personnel
Vessels

Field Stations
Sampling Gear
Instrumentation

The GLERL Vessel Crew works to:

Support science direction - offer alternatives

Support traditional sampling - adapt to emerging technologies
Optimize platforms - maintain versatility

Accomplish current mission - anticipate future opportunities
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GLERL’s Marine Superintendent provides leadership to NOAA’s
Small Boat Program.

e The NOAA Small Boat Program is administered through the Office of Marine Aviations (OMAO) line
office and is headquartered in Seattle, Washington.

e NOAA relies on hundreds of small boats located throughout the
nation.

e NOAA small boats are owned, maintained and operated by the
individual line offices.

e NOAA GLERL Vessel Operations support all NOAA interests in
the Great Lakes basin.

e Dennis Donahue serves as a NOAA Small Boat Safety Board
member (2019 Chairperson) and the Small Boat Officer for the
NOAA Oceanic and Atmospheric Research (OAR) line office.
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2016: National Ocean Service Peer Recognition Rafting Award: For providing vessel
and logistical support for offloading contents of a sunken oil barge in Lake Erie
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=) | GLERL’s Vessel Operations Group supports all NOAA

| R&D relevance to
'/ NOAA'’s mission &

] interests in the Great Lakes.

e GLERL & Cooperative Institute for Great Lakes
Research (CIGLR)
o  Research Consortium Partners
e NOAA National Ocean Service (NOS)
o  Great Lakes National Marine Sanctuary
Programs
o National Centers for Coastal Ocean Science
(NCCOS)
Office for Coastal Management (OCM)

Office of Response and Restoration (OR&R)
Office of Coast Survey (OCS) RV Storm docked in front of the offices of NOAA Thunder Bay National Marine

Sanctuary located in Alpena, M| on Lake Huron.
Michigan
Technological
1sss5| University

Mussel Watch Program

NOAA Lake Superior National Estuarine
Research Reserve

e National Weather Service (NWS)

o O O O O
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The NOAA GLERL vessel fleet supports partners around the region.
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* Full season vessel base * Transient vessel base
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GLERL'’s Largest Vessel: SRV Laurentian

Features

Built 1974 - University-National
Oceanographic Laboratory
System (UNOLS)

Operated by GLERL since 2002
80ft Multi-discipline platform

20 day duration

14 berths

Heavy lift and trawl capable
Limited ice capabilities

Fueled by B100 Biodiesel

United States Department of Commerce

Primary platform for GLERL programs

e Long Term Research monitoring

° Spatial studies

e  Plankton Survey System (PSS)

e  Multiple Opening/Closing Net and
Environmental Sensing System
(MOCNESS)

Fishery Acoustics
Winter operations
Outreach and education

Supports NOAA regional missions

e  Deep water hydrographic surveys
Archeological exploration
National Data Buoy Center (NDBC)
buoy support

° Hydrographic and Benthic Habitat
mapping

e  Cultural asset exploration

/I National Oceanic and Atmospheric Administration  //
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Class Il Vessels (26-40’) Class lll Vessels (41-65’)

Ly gty B

Features Supports Features Supports
e  Hydro survey capable e  Near shore support / e  Heavy lift e  Real-time Coastal Observation
e  Side scan/ Multi-beam sampling e  High speed Network (ReCON) and Great Lakes
sonar capable ° Dive operations ) Transient and logistic Observing System (GLOS) buoys
° Alternating current and ° Event response advantages ° HABs ESP
hydraulic power ° Remote research locations ° Dive support i Event response
e  Hydrographic and Benthic e  Multi-beam survey e  Sanctuary mooring buoys
Habitat mapping platforms e  NOAAThunder Bay National Marine
e  Cultural asset exploration e  Side scan sonar Sanctuary initiatives
Onboard survey processing  ® Hydrographic and Benthic Habitat
Vessels are converted to science missions by the Lake mapping
Michigan Field Station staff. ° Cultural asset exploration

Autonomous vehicle support
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The GLERL Ann Arbor facility is fully equipped, adaptable, and resilient
toward advancing NOAA'’s mission of science, service and stewardship.

Marine Instrumentation Lab
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GLERL has been a leader in adapting and evolving instruments
for Great Lakes research over the last 40 years.

]
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AUVs provide detailed spatial and temporal patterns of riverine
inputs, thermal structure, and lower food web structure to

support lake-scale ecological forecasting and GLERL’s Long-term
research programs.

Slocum Glider Wave Gliders Long-range Autonomous
Underwater Vehicle

SeaTrac
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GLERL develops and uses new instruments to
meet our changing needs in addressing
important scientific questions. r

Marine Instrumentation Laboratory capabilities:
Electronic & mechanical design

Software development
Electronic/electrical construction
Mechanical construction & assembly
Prototype development ﬁ
Testing, diagnostics, & calibration ’
Mooring design & fabrication

= Above: Calibrating
nutrient sensors GLERL's
i High Bay.

Left: Preparing a remotely
operated vehicle (ROV)
for fieldwork.

Handling and storage
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\+~5 | Collaborating to advance ecosystem measurement

/7
= R&D relevance to

/-« | strategies and technologies.

Co-hosted the Marine Technology Society Buoy —
Workshop with the Cooperative Institute for Great Lakes marine technology
Research (CIGLR), and the Great Lakes Observing ek s
System (GLOS) April 19-20, 2018. TRRR I NS

The workshop is held bi-annually to review the
state-of-the-art in moored observing system capabilities.

This was the first ever Great Lakes hosted MTS
workshop. There were 115 attendees from around the
world. Meetings were held on the University of Michigan
campus and we conducted a tour of the GLERL Ann
Arbor facility.
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QUALITY: IncreaSing the aCCQSSibiIity, use, and syntheSis of

G ) Assess quality

* Jof GLEREs R&D NOAA Great Lakes data-

Sample Collection
remove from environment
T

e Real-time

Observations

e Moored data

Sensor |
measure in environment gﬁ’v’as

%

e Autonomous

e Shore-based

e Ship-based

e Satellite Remote Sensing
measure at distance

e Airborne from environment

e Uncrewed
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Managing data

| !

Data
Observations Data :; GLERL &
Processing, I Partners
QA/QC,
Data Archive
Il:> Data Centers:

AWIPS
NOAAPORT
THREDDS

PostgreSQL General
database* |:> 1bli
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Online Data Access

Scope: [ENEEIRA| m
fyoo®

Education

GLERT,

NOAA - Great Lakes Environmental Research Laboratory

@ 100 | Underwater Glider DAC Map

NOAA RESEARCH 5 DEVELOPMENT DATABASE

Project Management Data for NOAA Research and Development

Home QuickLinks AboutUs  Research  Data&Products Publications

Welcome
Data & Products

+ Real-Time.

o Meteorological Data and Webcams " s

5upporzplanning ’
Tk progress - MAREEm e
uali y P

© Great Lakes Coastal Forecasting System ( )
» Gieal Lakes Suiface Waler Temperalure & Hislorical Data Archy
© Greal Lakes Ice Cover Qbservalions

o Lake Erie Vertical Temy (2017) 1 rehive

Evaltiate!

Lake Huron Vercal Tem (2012.2019) inks
ake Uichigan Verical Temperalure M011ng (1990-2019) nks fo NGE arcnive
ingervaler Glider 11ags & data avallable thiough ERDDAP & THREDDS

oo

« Harmtul Algal Blooms (HABS) & Hypoxia

« HABS Fieis Samping & Nuient Buoys for cuent year o o s 4 = .-

_— © Lake Bl an Nuttent B

A secure, web-based enterprise performance management/business intelligence tool, o o ST AL el ol B T BT s B e arcive

designed to contain information about the R&D projects conducted and funded by NOAA © Sa0nau Bay HABS Fed Samping for 2019 ks o NOE arcive

o HABs Tracker Forecast

— — —— . E— o Lake Erle hypoxia abservalion moarings (2017-2019) ks o NGE archive

Promoting information sharing to improve p Y. " and y Lake Ere G2 TE2US) S NG e L
+ Water Levels & Hyarology

nal Hysiological Forecastin
a1 Water Baiance Model (.

Great Lakes Ice Cover Database

GLERL >
fYyoD W

NOAA - Great Lakes Environmental Research Laboratory + Biological . . - .
- _— - This database simplifies access to Great Lakes ice cover data by bringing the basic units of data together for the entire time
EicHtc Stk L A US MR N D R i MREd s R period, 1973-present. The Great Lakes Ice Atlas summarized ice cover for the period 1973-2002, with addendums in a
Great Lakes Meteorological Real-Time Coastal Observation Network (ReCON) ‘GreatLokes Home - GLSEA - MODIS - Ocean Color  In Situ - Staistics separate report for 2003-2005, in addition to providing a number of statistical products. Using the same methods, the original
@ Memgioa Setions Hama Grat skes Satlulct ice charts for 2006 through present were processed and added to this database.
£ e ; —
= e Great Lakes Statistics RAblittherawdata:
= Baonleal Characiesila at e Conet Koy Original ice charts are provided in three forms: asci grid files, jpeg image files, and ArcGIS shapefiles. From 1973 through
o 1988, the source was the Canadian Ice Service. Beginning with 1989, the source was the U.S. National ice Center, (NIC).
o SMLM'\;!M;WM;W " Data from both Canadian and U.S. sources is combined in NIC's daily products. Details on file formats, naming conventions
are here: asci grid metadata. Files that align ascii grid data with location and lake are here: geographic metadata.
Ba = == | == e ] ew ] w ] aw )
© Westem Lake Ene#13 - A GLSES & = Data files by decad
o . I = i o o o o ataisstydecade
o [ L I = = I = I = I €= I Data files by year
o @ e TSP ——— =
° ’ s ek I e I T == I e, I = I o ] Daily averages by lake
(o] i S
~ e = . . - Links to daily interpolated grid files
. 3 e [ | cx cx | cx | cx I cE | S
oz ox ot cr ox oE
s wtoseo o oton oo ponts o ‘ ‘ = ‘ ‘ = ! Additional historical ice data sets and resources
oy stavonsnuoys ouoy's page. e -
Disciaimer, o s more about 11 prject here =
[ 1o [ 10 = [ = [ P |
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Great Lakes specific algorithms are needed for satellite retrieval

of key parameters.
NOAA CoastWatch Regional Nodes

e Ocean algorithms often do not work 3 .
. . 3 ! \
well in time or space on the Great . pp | Crtiseston g
Lakes i o V.
" ;;""1 P %;“”'
e Ocean algorithms often are not N Wth‘z’d «  — el R s
oe:r 2acs (()):* “*\:7 entral Node
tuned to the parameters Great Sama oz, O 1 5 Golege Par, MD
Lakes stakeholders need (e.g. ice % - 4
o ,
types, chlorophyll). Fonaute B -~ __ e
e Vast difference in resolution and ~ Jf’ digal
spatial coverage needs. Mam R

e Freshwater vs. saltwater.
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The Great Lakes CoastWatch node advances NOAA'’s priority to lead the world in
earth system observations and weather predictions - delivering to public, private

and academic sectors.

GREAT LAKES SURFACE ENVIRONMENTAL ANALYSIS (GLSEA)

D 9 Dimnss Analysis Date: JD 161 06/10/2021
&) ST percent Pixels wi i
oot

ith Data within +-10 Days: 100.0%

UNIQUE DATASETS

Accessible through Great Lakes CoastWatch ERRDAP or THREDDs servers.
e  Great Lakes Surface Environmental Analysis o

(GLSEA)
e  Color Producing Agents (CPAs)
e |CECON Ice Type Classification

NOAA CoastWatch

NEW DATASETS & IMPROVEMENTS iR ™

PY Great Lakes Surface Environmental Ana]ysis D s o S o
(GLSEA) Improvements o
[ J GOES 16 Color Producing Agent (CPA)

Chlorophyll

e Great Lakes VIIRS True Color
e  Satellite altimeter database products
o  (Available Fall 2021)
e Airborne Hyperspectral Imagery
o  (NOAA National Centers for
Environmental Information (NCEI) 2021)

United States Department of Commerce // National Oceanic and Atmospheric Administration //  Great Lakes Environmental Research Laboratory
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Satellite and airborne remotely sensed data provides accurate,
synoptic retrievals of key Great Lakes parameters.

iopmental Harmful and Nuise

s August 16, 2017
e @ M “GLERIn

Satellite Color-Producing
Agent Algorithm: Provide data to U.S. Coast Guard for Community Composition Algorithm:
For EPA Great Lakes National

Radar Satellite Ice-type Algorithm Hyperspectral Imagery - Phytoplankton

ice-breaking operations.

Warn drinking water intake managers.
Program office decision making

and HAB areal extent.

Sayers, Ruberg, Leshkevich et al., 2019, Journal of Great Lakes Research.
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~+= | Color Producing Agents

R&D relevance to

i Algorithm (CPA-A)

MODIS Derived Water Quality Products Suite
May 2018 Monthly Average Products for Lake Michigan

e Developed by Michigan Tech Research Institute and :
GLERL for operational use under the Great Lakes =
CoastWatch node. g

e Uses imagery from multiple satellite sensors (*MODIS. P’ i
VIIRS, etc) to estimate concentrations of chlorophyll, / &
dissolved organic carbon, and suspended minerals.

e Transitioned into use under the NOAA National
Environmental Satellite, Data, and Information Service

mg/L
e High: 05

S Low: 0.001

v Minerals

meters Come m4 m-1
e High : 60 wem High: 05 e High: 05 o High : 0.05

B ow:s

Photic Depth

B Lowio S Low - 0.001

" Bulk Backscatter

M Low: 0,04/ §
" Bulk Absorption

* CDOM Absorption|
443 nm

(NESDIS) CoastWatch Great Lakes node in 2018. Additional applications:
° Science qua“ty data available up to two weeks pOSt ° NOAA GLERL: biophysical modeling, efforts to estimate river plume and
observation; real-time time data available Summer 2021 resuspended nutrients, field data collection planning
’ . ° Michigan Department of Natural Resources: fish community responses to changes
° Uses: in chlorophyll (CHL) and suspended minerals (SM)
° Ohio Department of Natural Resources: and Ohio State University use CPA CHL
o Create maps of of harmful algal bloom extent. corelatod with fish fravds
o  Addressing data gaps: e.g. EPA Great Lakes e  U.S. Fish & Wildlife: Green Bay fish trawl and CHL concentration

; . : ; U.S. Army Corps of Engineers: southern Lake Huron resuspension events impact on
National Program Office Iong term monltorlng water quality (nutrient model using machine learning with citizen science)

program uses to fill in the gaps between spring and Environmental Protection Agency: Lake Superior Coordinated Science Monitoring

summer cruise in situ data collection Initiative (CSMI) (CHL, SM, colored dissolved organic matter (CDOM), primary
’ productivity

United States Department of Commerce // National Oceanic and Atmospheric Administration //  Great Lakes Environmental Research Laboratory
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Observing current ice cover conditions helps to improve predictive models.

K7 e n sonaer itz Take Huron Jong Terrs avrage Ioc Conosatration
Great Lakes CoastWatch node i - o
Great Lakes ice observations statistics are particularly = - J£ ‘Jw
popular with stakeholders and the media. GLERL obtains, ; : :
produces, and delivers environmental data and products for , . ¢t
near real-time observation of the Great Lakes to support - 5 J
environmental science, decision making, and supporting o - i
research. This is achieved by providing access to near - - = Y
real-time and retrospective satellite observations and in-situ g .\ = I MJNJ ‘ \,
Great Lakes data. I R T T
Great Lakes Surface Environmental Analysis is a digital T e e 10,055 0312021

Percent Pixels with Data within +/-10 Days: 62.3%
Date of last ice analysis: 2/21/2021
NOAA CoastWatch

Great Lakes Total Ice Cover: 42.9%

map of the Great Lakes surface water temperature and ice
cover which is produced daily at GLERL.The lake surface
temperatures are derived from NOAA polar-orbiting satellite
imagery.

Median lee Concentration
Sault Ste. Marie <10%

10-39%
40-69%
70-89%
90-99%
100%

These products help to improve predictive models and

support water-dependent industries such as hydropower,
fishing, commercial shipping, and search and rescue -5
operations.

1y

Toronto,,

.Buffolo
petroit. 4

Toledo.
40 s Cleveland

Great Lakes Environmental Research Laboratory
National Ice Center
Cloud Free - Superior: 31.2 %, Michigan: 20.9 %, Huron: 18.6 %, Erie: 1.0 %, Otario: 45.8 %, St Clair: 0.0%

United States Department of Commerce // National Oceanic and Atmospheric Administration //  Great Lakes Environmental Research Laboratory
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| ICECON Ice type classification is imperative for U.S.

| R&D relevance to

/it | Coast Guard ice breaking operations in the Great Lakes.

Great Lakes-specific algorithm to
create image product.

Visual index developed for the U.S.
Coast Guard to aid ice breaking
operations & commercial
navigation.

Colors represent different ice types - B AN ‘
. N i : j T George Leshkevich received a National
& thickness ranges. ] B 50N 4 Ice Center Medallion during the North
et American Ice Service (NAIS) Annual

- ) - - “B Meeting at the U.S. Coast Guard
Transitioned to operations at - il Academy in September 2018.

NOAA/NESDIS in 2017.

United States Department of Commerce // National Oceanic and Atmospheric Administration //  Great Lakes Environmental Research Laboratory
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0 | Great Lakes CoastWatch products are widely

" effectiveness of GLERL's
plans & R&D in meeting

&/ | used by stakeholders.

needs

e National Aeronautics and Space Administration

e Support GLERL internal research e Goddard Space Flight Center
. e Glenn Research Center
projects. e Jet Propulsion Laboratory

Michigan Tech Research Institute

Upstate Freshwater Institute

Cooperative Institute for Great Lakes Research (University of Michigan)
United States Coast Guard

Canadian Coast Guard

Environmental Protection Agency - Great Lakes National Program Office
NOAA National Environmental Satellite, Data, and Information Service
NOAA National Centers for Environmental Prediction

United States Geological Survey

Environment and Climate Change Canada

Oregon State University

Ohio State University

Nansen International Environmental and Remote Sensing Centre

e Support operational mandates within
NOAA and sister agencies.

e Support regional users:
o Environmental science
o Decision making
o Research

e Support educational and recreational
activities.

Michi
lnsﬂm )

Cooperative Institute for
Crcat Lakes Research

Ulg IGLR P~

Great Lakes Science for Society
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Observing Systems Program Highlights
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- | Great Lakes Meteorological Real-time Coastal Observation

s Assess GLERLs

o Network (ReCON) provides sustained critical observations for

NOAA’s mission &

= | long-term research and operations.

ﬂ Meteorological (MET) Stations

Eddy Covariance Stations
(Evaporation)

LAKE SUCTo, o

Stannard Rock Light o
g 3 GLERL Buoys (seasonal)

- Classmed as a “NOAA Bty ‘ Environmental Sample
Critical Observing System | Spec Reef Light Processors (ESP)
of Record” 2

J“E‘fﬁomg Qf ‘
= i \\,\
/ [ ey AO_Q )
—_ " /White Shoal Lt ﬂThunder Bayls, . 7

| Alpena ﬂ' !.5?} _—
WISCONSI Thunder Bay

72;*
JEEY |

Saginaw Bay

/

| | Milwaukee

| |
| iLLINcChicago
= “ Michigan Clty
R e S L | Western Erie

~vaa
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ReCON provides advanced data collection platform from buoys,
underwater hubs, fixed structures, and coastal locations.

Developed in partnership with CIGLR, U. Toledo Lake Erie
Center, NOAA Thunder Bay National Marine Sanctuary, U.S.
Coast Guard 9th District.

Provides environmental data to federal, state and university
researchers, educators and resource managers through a
web-based data interface.

Data available through: GLERL website, National Data Buoy
Center (NDBC) website and THREDDS server, Great Lakes
Observing System (GLOS) data portal.

About the system:

Buoys operate seasonally; fixed platforms and Lake Erie Underwater Hub operate year
round.

Primarily powered by solar (wind or A/C when available).

Embedded Linux platform for data processing, control, and diagnostics.

Sensors include: meteorological (MET), air/water quality, radiation, acoustics, image/video.
Guest ports allow platform use by others.

Multiple communications options provides high bandwidth, real-time data from seafloor
back to laboratory. v Only system in the Great Lakes with this capability.

Winched
Profiler

i

Shore Base

ReCON Buoy Communications

MET and
Surface
Sensors

In-Situ Sensors
(0-60+m)

=
=
=
=
=
[]

Acoustic Sensors:
Waves, Currents, Fish

Flex Hose
Communications,
Power & Mooring

Winch
Motor

Underwater Hub Anchor:

United States Department of Commerce // National Oceanic and Atmospheric Administration
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Lake Erie Underwater Hub provides key observations year round.

Toledo Water
Intake Crib

YSI EXO2 Sonde:
-Temperature
-Dissolved Oxygen
-Chlorophyil
-Blue-green algae (Phycocyanin)
-fDOM

.pH

-Conductivity

-Turbidity

-Total Dissolved Solids
-Total Suspended Solids

-Depth

VPS Winch:

-Profiles 6/day
-Samples every 1m
depth

-Near surface to near
bottom

-Real-time power &
comm to payload

Depth (feet)

United States Department of Commerce // National Oceanic and Atmospheric Administration
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Engineering accomplishment: Ecosystem observations
fisheries acoustics and video.

sics - TH 1S A PRE-RELEASE TESTER version ror |3 L JEDIX)

e  With the success of ReCON in the
Great Lakes, OSAT collaborated with
Atlantic Oceanographic and
Meteorological Laboratory (AOML) to
demonstrate an Ecosystem
Observing System in the Florida
Keys National Marine Sanctuary.

e The station advanced observational
technology by deploying a real-time
bio-acoustics system deployed with
supporting physical and biological
sensors to create an Ecosystem
Observing station.

e This station is now being used to
support GLERL’s Long-Term
Research (LTR) on Lake Michigan.

Florida Keys Lake Michigan

United States Department of Commerce // National Oceanic and Atmospheric Administration //  Great Lakes Environmental Research Laboratory
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ReCON Engineering Accomplishment: Tracking invasive mussel
activity and colonization.

ReCON Mussel Cam 2019-09-01 22:10:10.59 UTC

Invasive Mussel Cam
Lake Michigan Muskegon M45 Buoy

e In-situ images and video of live invasive
mussel colonies on the lake bottom at 45
meter depth, along with water quality and
currents, provide insight into mussel
activity in the environment.

e The biomass and density estimates for
Lake Michigan are viewed as extremely
valuable among the Great Lakes research,
education, and management communities : : :
that interact with the general public. Video available on GLERL website

https://www.glerl.noaa.qgov/res/recon/browsevideo-bio.php

United States Department of Commerce // National Oceanic and Atmospheric Administration //  Great Lakes Environmental Research Laboratory
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" Award winning support of Lake Erie drinking
88y | water public safety.

2016 OAR Bronze Award: For response activities for the Lake Erie harmful algal bloom that impacted
drinking water supplies in Ohio and Michigan

2017 NOAA Technology Transfer Award: For delivering a buoy that provides water managers with the
critical information necessary to more effectively process compromised drinking water.

Scott Moegling, Water Quality Manager with
Cleveland Water Department stated, “Our
first priority is the health of our customers.
We receive valuable and complex
information in real time with these buoys.
That data is an important addition to our
treatment tool kit.”

The GLERL Marine Instrumentation Lab team,
left to right: Steve Ruberg, Kyle Beadle, Ron
Muzzi, Terry Miller, and Steve Constant.

Cleveland Ohio water intake crib.
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An integrated approach to studying harmful algal blooms: Synthesis,

Observations and Response (SOAR) Project.

TIME SERIES BUOYS

° Evaluate lake response to nutrient loads.

° Evaluate wind-driven nutrient resuspension response.

° Provide fine temporal resolution observations for biophysical
models.

° Examine relationships between nutrient availability and toxicity.

° Provide real-time water quality observations to researchers and
water intakes through GLOS.

SPACE-BORNE SATELLITES

Average HAB extent linked
to nutrient reductions. we0o] — Avarns e

— Avg Surface Scum Extent

Average Annual
HAB Extent (km?)
Scum Extent (km?)

Average Annual Surface

200

19952000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Rowland, F. et al., Environmental Science and Technology, 2020; Anderson, C.R. et al., Frontiers in Marine Science, 2019 ; Bosse, K.R et al., Journal of Great Lakes Research,2019 ; Moore, T.S. et al., Remote

Latest sampling date: 10/52020

Western Lake Erie Monitoring Stations v -
= &
vvvvvv o Continuous Parameters: Nutrients and Water Quality
(Temperature, Specific Conductivity, Chlorophyll,
Phycocyanin, Turbidity, FDOM, pH, Dissolved Oxygen)
1 Water Intake Year-Round: Waves, Currents, Ice
l TR g, Thickness, Backscatter, and Water Quality

AIRCRAFT MOUNTED HYPERSPECTRAL

CAMERAS - Detection of Cyanobacteria HABs

24-28 hr Cyanobacteria Level Report to Ohio EPA, Ohio
Municipal Drinking Water Managers, Michigan Drinking
Water Managers, Michigan DNR.

Developing next generation NASA Plankton, Aerosol, Cloud,
ocean Ecosystem (PACE) Hyperspectral Satellite Algorithms.

Sensing of Environment, 2019; Moore, T.C., et al., Journal of Great Lakes Research, 2019; Sayers, M. J. et al., Journal of Great Lakes Research, 2019; Moore, T.S. et al., Frontiers in Marine Science, 2017
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A collaborative effort for ecosystem forecasting & HAB detection

Buoys Small Boat Airborne Hyperspectral

Sample Processor (ESP) Processor (ESP) Autonomous Operations Camera
‘Lab in a Can” Underwater Vehicle (AUV) &
Mapping AUV

@9 % MBARI %AEJ%O&

CHEROKEE NATION. Monterey Bay Aquarium & e

Businesses Research Institute

A

Great Lakes - @ .
RES(TOR;\TION{ E.-t v Michigamtech

Research Institute

ssssssssss

United States Department of Commerce // National Oceanic and Atmospheric Administration //  Great Lakes Environmental Research Laboratory



NOAA GLERL Science Review 2016-2020 // Observing Systems and Advanced Technology

T Vﬁ
RESTORATION P
,

Great Lakes g+
Developing and operating four continuous nutrient monitoring

buoys in Western Lake Erie Y =zl e S
Sierra Wireless ._/\Y Hypoxia Portal
Sy |
or ~ Archive
e High frequency phosphate and nitrate measurement in addition to e \\\\,,,, e
ata Logger le— |-Rs232,02v|  Airmar
Sonde and met CR1000 — ;l:::l
e Helps evaluate internal cycling of phosphorus due to wave driven Chairge
resuspension ’—\"'XSSW | o Cycep
e Fills gaps between weekly sampling
e GLERL and Great Lakes Observing System (GLOS) portals serve s
real-time data By Well z‘: /1%23:: SUNAV2

2016 WE2

Latest sampling date: 10/5/2020

s0w aw
1 1

Western Lake Erie Monitoring Stations

=3

Nitrate (mg/L)
IS

ywers

|

@, ‘ - - e
& (Left) Heidi Purcell (CIGLR) deploys the WE4 buoy anchor to the bottom, July 2020.
Station (depth): ez on)  © Sampling Depth: s 075 @ (Right) Buoys carry phosphate, nitrate, Sonde instruments, serviced ~monthly.
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Hyperspectral research fills in data gaps under clouds and
nearshore areas. ;;;i;f;;,;{._«\'_g\.;;;f;‘,ﬂ

New PIKA L sensor integrated into small plane system.

Great Lakes Hyperspectral Flights \zlg?gejowu(r);adleo?t al,
per HAB season ’
Resonon Resonon Great Lakes

Pika Il Pika L 2015 8 Research.
2016 28
Spectral range 400-900 nm 400-1000 nm g 20 Lekki, Ruberg,
Bands/Channels 240 281 2018 22 Vander Woude et
2019 % al., 2019, Journal of
Field of View 17.6 degrees 24.8 degrees Great Lakes
2020 15 Research.

United States Department of Commerce // National Oceanic and Atmospheric Administration //  Great Lakes Environmental Research Laboratory
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Weekly airborne hyperspectral flights true-color imagery browser provides
important information to drinking water managers.

and Ottawa water intakes had a low to medium dete
Iil Lake Erie Utilities Comp. Kelleys Island and P hada ] edium
dM rblehead had a medium detection. Disregard the cyanobacteria index dlm

.0 PWS Cyanobacteria Index:

‘Toledo PWS True-color:

N A

~oll Cyanobacteria Index: Carroll True-color:

. , . Successes
Phytoplankton Community Phytoplankton Community Composition: .
Composition (PCC) Algorithm Warn drinking water intake managers o & year of flyovers, 15 d.urlng COVID
e Flying a new camera this year
_ _ Y e Integration into Forecast System
Available at National Centers for Great Lakes e PCC algorithm under completion
Environmental Information (NCEI) 2021 RESTORATIONg ¥ -~
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Using multiplatform observations directs adaptive HAB sampling

strategies.
HAB Toxin Detection with Monterey Bay Aquarium Research Institute (MBARI)
3nd Generation Environmental Sample Processor (3G-ESP):

4L7°N

e Collaborative work to to demonstrate microcystin toxin sensor, DNA
archive, and mapping capabilities (EcoDyn, NCCOS, AOML).

e Sentinel-3A Cyanobacteria Index product informed mapping AUV (Tethys).

e Tethys measured in-situ Chl fluorescence gradient. !

e This informed the 3G-ESP AUV (Makai) to track and sample. . ™

Future direction: Cyanobacteria Levels, Hyperspectral Imagery (red
lines) and Mapping AUV Tethys (blue lines) Chlorophyll
Concentrations.

Hyperspectral
Cyanobacteria

Index

While the LRAUV moves through the water the 3G ESP collects samples of water, filters them, and
then processes the samples to detect microscopic organisms or toxins such as microcystin. After
analyzing the samples, the 3G ESP can send its findings to scientists on shore via satellite link.

United States Department of Commerce // National Oceanic and Atmospheric Administration Great Lakes Environmental Research Laboratory
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N Interactive 3D Combination of Hyperspectral and

Assess GLERLs
- R&D relevance to

1 3G AUV Data - Transition from Research to
Operational Tools

3G LRAUV + Mapping AUV Hyperspectral Imagery

o,

Hyperspectral Cyanobacteria Index

o poea 2683265 278320
41.760 36-83.34°8332703307

-83.38783
Longitude

Tethys Mapping AUV Vander Woude et al., 2020

ChlorOphyI_I & American Geophysical
Resonon Pika Il Union Ocean Sciences
Hyperspectral Cl Image conference.
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The Great Lakes Evaporation Network (GLEN) provides key water

level forecasting measurements.

White Shoal Light
»  Comms/data transfer through ReCON
*  GLERL funded to replace/upgrade equipment

Stannard Rock
* Environment and Climate Change
Canada / GLERL
+ Comms/data transfer through
GLERL’s Real-time Coastal
Observation Network (ReCON)
Granite Island /

* Northern Michigan

Spectacle Reef
+ GLERL
*  GLERL funded to replace/upgrade equipment

Nine-Mile Point
——— + Environment and Climate

University Change Canada
Long Point
* Environment and Climate Change
Muskegon Canada
* Potential future GLERL station Limnos

* Environment and Climate Change
Canada

Toledo Light 2

* GLERL (formerly University of Toledo, but GLERL
funded to upgrade/replace all equipment)

» Commes/data transfer through ReCON

Whitefish Bay
» University of Colorado

United States Department of Commerce // National Oceanic and Atmospheric Administration //  Great Lakes Environmental Research Laboratory
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Building an evapotranspiration network to better understand the
interactions between ecosystem and hydrologic cycles.

Goal: Develop a network of open water flux
observations for verification and calibration of
evaporation in hydrodynamic and weather models.

Turbulent fluxes of latent and sensible heat flux
measurements are important physical processes
that influence the energy and water budgets of the
Great Lakes.

These data are key for researchers to make water
level, ice cover and lake-effect snow forecasts
better. N

Michigan v .
Technological University of Colorado Boulder ~NORTHERN MICHIGAN I * I Environment and
Tess| University UNIVERSITY Climate Change Canada
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Exploring submerged sinkholes: groundwater and
microorganisms. S

* Mapping and exploration

* Groundwater age & chemistry

* Microbial community

* Observe long term flow variability

ERL Marine Engineer Kyle Beadle dontrols the ROV in
r'to obsguve Lake Huron sinkholgg frorh the R/V Storm.

N

Middle Island Sinkhole
(Modified from W.R. Lusardi)

z—>

Thunder Bay,

Lake Huron
| Location of Sinkhole
[ Study Site

3 AREEREETT SN .
83°40'W 83°30W 8320'W 8310W 83°00W

United States Department of Commerce // National Oceanic and Atmospheric Administration //  Great Lakes Environmental Research Laboratory



NOAA GLERL Science Review 2016-2020 // Observing Systems and Advanced Technology

Fostering an environmentally literate society

(U »

Watch later ~ Share

.

= »
MORE VIDEOS

;7 o) 021/604 @ & Youluhe [

Partnered with Great Lakes Outreach Media to create a short
film entitled “Sinkhole Science: Groundwater in the Great
Lakes.” Featured on Detroit Public Television’s Great Lakes
Now program and at the NOAA Thunder Bay National Marine

Sanctuary’s International Film Festival. See video on review
website.

United States Department of Commerce // National Oceanic and Atmospheric Administration  //

Great Lakes Eff {0

Millions of Microbes: The Unexpected Inhabitants of Lake ENVIRONMENTAL RESEARCH
9 = LABORATORY'S BLOG
Hu Underwater Sinkholes N

FOLLOW US ON TWITTER

Check out the GLERL blog: https://noaaglerl.blog/

Baskaran, Ruberg et al., 2016, Aquatic Geochemistry
Sharrar, Ruberg et al., 2017, Frontiers in Microbiology

Great Lakes Environmental Research Laboratory
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Looking forward: Ecosystem acoustic sensing systems for understanding the
effects of stressors on zooplankton/nekton distributions and trophic interactions

=N o
¥ < o

Application of hydroacoustics to support long-term
zooplankton, nekton, and HABs research (including
winter observations)

e  Apply multi-frequency hydroacoustics (70 - 766 kHz) using crewed
vessels, uncrewed vessels, and fixed moorings, to map the abundance
and spatial distributions of pelagic zooplankton and nekton, and
subsurface distribution of HABs, in the western basin of Lake Erie and .
southwest Florida (red tide)* ‘ e e

° Apply multi-frequency acoustics using uncrewed vessels and fixed -
moorings to understand and quantity the spatial distribution and
abundance of zooplankton and nekton during the winter months in the
Great Lakes

° Supports GLERL'’s long-term research for understanding the effects of

stressors on changes in abundance and spatial distribution of the
pelagic community, and effects on trophic interactions.

*In collaboration with NOAA Atlantic Oceanographic and Meteorological Laboratory (Miami, FL)

United States Department of Commerce // National Oceanic and Atmospheric Administration //  Great Lakes Environmental Research Laboratory
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Looking Forward: Demonstrate Winter and Under-Ilce Ecosystem
Observational Capacity

Demonstrate the capability to navigate a Saab Sabertooth
Autonomous Underwater Vehicle (AUV) from Lake Michigan Field
Station through the Port of Muskegon pier heads to map invasive
mussel reefs offshore using multibeam sonar and high-resolution
imagery.

Application of suite of sensors (environmental and multi-frequency
single beam acoustics) to measure water temperature,
chlorophyll-a, zooplankton, and fish.

Demonstrate under ice with a fully integrated docking, charging,
and data transfer station.

United States Department of Commerce // National Oceanic and Atmospheric Administration //  Great Lakes Environmental Research Laboratory
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A cross-NOAA line office and cross-agency effort
to develop a Great Lakes meteotsunami
detection, forecast, and warning capability to
protect the public from hazards associated with
these conditions.

2021 deployed the first Great Lakes

Deep-Ocean Assessment and Reporting of
Tsunamis) DART buoy in southern Lake Michigan
to detect meteotsunami signals.

United States Department of Commerce // National Oceanic and Atmospheric Administration //  Great Lakes Environmental Research Laboratory
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In summary, OSAT. ..

Advances remote sensing, autonomous vehicles, and coastal data-gathering technologies that
provide a strong foundation for research in the Great Lakes and other coastal communities

Provides observations and data on the physical, chemical, and biological components of the
Great Lakes and coastal ecosystems to support studies and assessments, informs experiments
and models, and ultimately predictions and forecasts.

Develops, tests, evaluates and implements emerging technology advancements in data
collection, striving to improve NOAA's observational capabilities to better understand ecosystem
processes.

Supports research by providing safe and capable multi-disciplinary research vessel platforms to
study the Great Lakes by deploying instruments, collecting samples, conducting surveys, and
supporting autonomous/uncrewed systems and remote observation stations

United States Department of Commerce // National Oceanic and Atmospheric Administration //  Great Lakes Environmental Research Laboratory
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OSAT works to achieve NOAA’s mission by . ..

Conducting award-winning scientific and engineering research
and development.

Looking toward the future by identifying emerging
infrastructure needs.

Leading observing technology innovation.

Providing environmental observations and data throughout the
Great Lakes.

United States Department of Commerce // National Oceanic and Atmospheric Administration //  Great Lakes Environmental Research Laboratory
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Thank you for your attention!

e i B g rtear Ay ! 4 T

e

Contractors/Affiliates Cooperative Institute for
Great Lakes Research

NOAA Federal

' Steve Ruberg Kent Baker
Kyle Beadle Beau Braymer Tom Johengen
LTJG Hunter Brendel Dan Burlingame Russ Miller
Steve Constant Lauren Marshall Hayden Henderson
Dennis Donahue Laura Mendoza Heidi Purcell
George Leshkevich Todd Roetman
Ron Muzzi Travis Smith Michigan Tech Research
Andrea Vander Woude Institute
Andrew Yagiela Karl Bosse

Michael Sayers
Robert Shuchman
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Thank you for agreeing to serve as a member of the GLERL
five-year science review panel!

We look forward to talking with you during the live Q & A sessions.

Review criteria:

Quiality: The merit of our research and development within the scientific community.

Relevance: The value of our research and development to users beyond the scientific community.
Performance: The effectiveness and efficiency with which our research and development activities are
organized, directed, funded, and executed.

Review week highlights:

e In-depth Q&A/discussions of the overview presentation each theme presentation.
e Meetings with GLERL stakeholders.
e Meetings with GLERL leadership and new staff.

All supporting documents can be found on the GLERL 2021 Review website at:
www.glerl.noaa.gov/review2021/#documents
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